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Abstract 

A general analysis of the three-vertex loop amplitude in a strong 
magnetic field, based on the asymptotic form of the electron propa- 
gator in the field, is performed. In order to investigate the photon- 
neutrino process 77 vv, the vertex combinations of the scalar- 
vector-vector {SVV), pseudoscalar-vector-vector {PVV), 3-vector 
iyVV), and axial- vector-vector-vector {AVV) types are considered. 
It is shown that only the SVV amplitude grows linearly with the mag- 
netic field strength, while in the other amplitudes, PVV , VVV, and 
AVV, the linearly growing terms are cancelled. The process 77 vv 
is investigated in the left-right-symmetric extension of the standard 
model of electroweak interaction, where the effective scalar wee cou- 
pling could exist. Possible astrophysical manifestations of the consid- 
ered process are discussed. 
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Strong magnetic fields which could be generated in the astrophysical cat- 
aclysms like a supernova explosion or a coalescence of neutron stars, make an 
active influence on quantum processes, thus allowing or enhancing the tran- 
sitions which are forbidden or strongly suppressed in vacuum. However, the 
magnetic field influences significantly the quantum processes only in the case 
when it is strong enough. There exists a natural scale for the field strength 
which is the so-called critical Schwinger value = ml/e ~ 4.41 • 10^^ G (we 
use natural units in which c = h = 1, hereafter e is the elementary charge). 
Among others, the set of quantum processes is very interesting where only 
electrically neutral particles, such as neutrinos and photons, present in the 
initial and final states. The external field influence on these loop processes 
is provided by the sensitivity of the charged virtual fermion to the field. The 
electron plays the main role here as the particle with the maximal specific 
charge, e/rrie. 

In this letter we consider a three- vertex loop process in a strong magnetic 
field, which is described by the Feynman diagram shown in Fig.l. Here the 
double hues correspond to the electron propagators constructed on the base 
of the exact solutions of the Dirac equation in a magnetic field. 

The intensively discussed process of this type is the conversion of the 
photon pair into the neutrino - antineutrino pair, 77 uu, which is strongly 
suppressed in vacuum. For this process, two vertices are vectors, e.g. Fi = 
F2 = V, and the third one can be vector and axial-vector, F3 = V, A (in the 
standard model), or it could be scalar and pseudoscalar, F3 = S", P (beyond 
the standard model). It is well-known (the so-called Gell-Mann theorem ||l|]), 
that for massless neutrinos, for both photons on-shell and in the local limit 
of the standard-model weak interaction, the process 77 — > is forbidden. 
With any deviation from the Gell-Mann theorem conditions, the process 
becomes allowed, e.g. for finite neutrino mass [|2|,Q or with the non-locality 
of the weak interaction taken into account |Q . 

This process becomes also possible, in the frame of the standard model, 
in the presence of external magnetic field. In the limit of relatively weak 
magnetic field, B -C Be, the process was considered in Refs. 0. Our aim 
is to investigate the process 77 vv in the strong field limit, both in the 
standard model and beyond. So, it is worthwhile to set Fi and F2 as vector 
vertices contracted with photons, keeping F3 to be arbitrary. 
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The electron propagator in a magnetic field can be presented in the form 



S{x,y) = e^*(^'^)^(x-|/), (1) 



y 



(2) 



where is a 4-potential of the external uniform magnetic field. The trans- 
lational invariant part S{x — y) of the propagator has several representations. 
We take its asymptotic form in the strong field limit, when the magnetic field 
strength is the maximal physical parameter: 

^ |^e.p,-£fi)/|^<^n.e— (3) 

d^p = dpodp3, n_ = ^(1-^7172), n2_ = n_, [n_,(a7)||] = o. 

The propagator was obtained in this form for the first time in Ref. 0. Here 7q, 
are the Dirac matrices in the standard representation, the four-vectors with 
the indices _L and || belong to the Euclidean {1, 2} plane and the Minkowski 
{0, 3} plane correspondingly, when the field B is directed along the third 
axis. Then for arbitrary 4- vectors a^, one has 

Ox = (0,01,02,0), a,! = (00,0,0,03), 
(a6)x = (aA6) = ai6i + a2&2, («&)ii = (aA6) = ao&o ~ cts^S; (4) 

where the matrices are introduced A^/j = {ipip)ai3, A^^ = {ip(p)a/3, connected 
by the relation A„^ - A„/3 = g^p = diag{l, -1, -1, -1), Lpap = Fap/B is 
the dimensionless tensor of the external magnetic field, (pap = \£ai3iJ.uVpLi/ is 
the dual tensor, the indices of four-vectors and tensors standing inside the 
parentheses are contracted consecutively, e.g. (aA6) = aaAapbjs. 

In spite of the translational and gauge noninvariance of the phase $(x, y) 
in the propagator (|^), the total phase of three propagators in the loop is 
translational and gauge invariant 

<!>{x, y) + $(?/, z) + <^{z, x) = -|(2 - x)^F^^{x - y)^. 
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A general amplitude of the process described by Fig.l takes the form 



M = e^g3jd'Xd''YSp{{j,Ts)SiY){e2j)S{-X-Y)ieij)S{X)}x 

where X = z — x, Y = x — y, is the matrix corresponding to the abitrary 
{S, P, V or A) vertex, is the coupling constant, J3 is the neutrino current 
in the momentum space, £1, ki and £2? ^2 are the polarization vectors and 
the 4-momenta of initial photons. 

Substituting the propagator (|Tp, (^, and (^) into the amplitude one ob- 
tains that two parts of it which differ by the photon interchange, are propor- 
tional to the field strength B 

iag^eB \ fc^ + + (^i^2)x 1 f .{kiipk2 
M ~ exp < — — > exp < —I 



(47r)2 [ 2eB J " ^ 2e5 

X I d'pSp{{j,T,)S,{p + k2){e2i)S,{p){ea)S,{p - k,)} + 
+ (71^72), (6) 

where S^^{p) = 2n_((p7)|| -|- m)/{p'^^ — rn?). It should be noted, that in the 
amplitude (§) the projecting operators n_ separate out the photons of only 
one polarization (±) of the two possible (in Adler's notation 0) 

~ Fo^pkp, ei^) ~ F^pkp. 

Using the standard procedure one can transform the trace in the sec- 
ond term of Eq. (|^) with the photon interchanged into the trace of the 
first term, however, with change of sign for Fa = P,V,A (and the factor 
sm[{ki(pk2)/2eB] arises in the resulting amplitude) and without change of 
sign for = S (and the factor cos[{kiipk2) /2eB] appears after summation). 
So, when the magnetic field strength is the maximal physical parameter, 
eB ^ A;^, only the amplitude with the scalar vertex grows linearly with 
the field. 

The effective scalar uuee interaction arises in the standard model exten- 
sions with broken left-right (LR) symmetry with mixing of the bosons 
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coupled with left and right charged weak currents The ueW interaction 
in the model has the form 

C = ^ {[e7„(l-75)^] WcosC + H^2"sinC) + 

+ [na{l + 'y,)i^]{-W^smC + W^cosO + h.c.y (7) 

where Wi^2 are the mass eigenstates, ( is the mixing angle. Existing indirect 
limits on the LR model parameters extracted from low-energy accelerator 
experiments is [p^ | 

Mvi/2 > 715 GeV, C < 0.013. (8) 

Due to the smallness of the mixing, W2 is almost Wr. Indirect limit on the 
parameters from astrophysical data (SN1987A) is even more stringent. In 
combination with the accelerator data it gives ||TT[| 



> 23 TeV, C < 10"^ (9) 

Taking into account the smallness of the mixing angle and of the mass ratio 
Mwl/Mwh, for the effective scalar part of the uuee interaction one obtains 

r^})^ ^ -4 C ^ (ee) (uu) . (10) 

With the Lagrangian (|10|), there exist two channels of the conversion of the 
photon pair into the neutrino pair, namely, 

77 (l^e)L(z^e)L, 77 ^ ('^e)i?(z^e)i?- (H) 

Here (i^e)i? and (t'e)L are the "sterile" states with respect to the standard 
weak interaction, which can escape from the hot and dense stellar interior. 

Substitution of T3 = 1, = —4 ( Gp/V^ and js = [i^(pi)i^(— P2)], 
resulting from Eq. (|TD|), into the amplitude (^) and integration give in the 
strong field limit 

M = — -j= — HP1M-P2)] \ [fi 72 ) -^1 — ' — ' — + 











ml 


ml) ) 
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here = fciy + k2\\. Remind, that ki^2\\ = {^1,2, 0, 0, ki^2z)- fap are the 
photon field tensors 

The functions introduced in Eq. (p!2D are the following 



J-'i{z,s,t) = J xdx J dy 



1 1 

1 - Ax^y{l - y) 



a? 




1 1 

J^2{z,s,t)= J x{l - x){l - 2x)dx y"~|) 


a = 1 — zx^y{l — y) — sx{l — x)y — tx{l — x){l — y). (13) 



The amplitude ([I4 ) is manifestly gauge- invariant. 

The cross-sections for both processes ([T^) are equal, an = o-rr = cr. It 
takes a simple form in the two limiting cases: 

i) low photon energies, u < rrie 



2a^GU' (BVkj.H, (i,, 



ii) high photon energies, uj ^ mg, in the leading log approximation: 

The observable value in astrophysics is the stellar energy-loss from unit 
volume in unit time due to the neutrino escape (neutrino emissivity). In our 
case it can be written in the form 

^ 1 f d^ki 1 f d^k2 1 , , ^ {kik2) 

(^^^^^^y (^^^^^^^''^+''^^^^- ^''^ 

Here T is the temperature of the photon gas. It is taken into account, that 
photons of only one polarization participate in the process, and only one 
(anti)neutrino from the pair can escape while the other one is trapped by the 
hot and dense stellar interior. 
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In the low temperature case, T < rrie, substituting (|I4|) into (0), one 
obtains 

erg / C Y f bV f T^^^ 



This should be compared with the contributions into the neutrino emissivity 
of the process 77 vv caused by another mechanisms. For instance, the 
emissivity due to the finite neutrino mass is 

O,„..,==0.4.10^^ (f^)V^)". (18) 

cm'^ s VleV/ \mej 

On the other hand, in the case of non-locality of the weak interaction, inves- 
tigated in Ref. 0], one can estimate the emissivity, which is suppressed by 
the factor {rrie/ MwY: 

QiNL) -10^ ( — Y. (19) 

cm'^ s yrriej 

It is seen that for B > Be, and for mixing at the level of C ~ 10~^, the 
field-induced mechanism of the reaction 77 vv strongly dominates all the 
other mechanisms. 

In the high temperature case, T ^ rrie, substituting (|1^) into ([16|), one 
obtains 

„2 erg / C VfByfT\\, T 



In order to make a numerical estimation, let us consider the Supernova 
explosion with generation of very strong magnetic field B ~ 10'^ B^., see 
e.g. |jl2|, with the temperature T ~ 35 MeV which is believed to be typical 
for the Supernova core [0, and V ~ 10^^ cm^. For the contribution of the 
considered field-enhanced process 77 — > vv into the neutrino luminosity we 
obtain 

dE , , „44 erg f C 



_ ^ 2 ■ 10^^ ^ . (21) 

dt sec V 0.013 ' ^ ^ 
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It is too small if compared with the typical Supernova neutrino luminosity 
Iq52 QYg/sec. 

In summary, we have performed a general analysis of the three-vertex 
loop in a strong magnetic field and have considered the photon-neutrino pro- 
cess 77 vv. It is shown that various types of the neutrino - electron 
effective interactions lead to different dependences of the amplitudes on the 
field strength. The effective scalar wee coupling which exists in the exten- 
sions of the standard model with broken left-right symmetry, leads to the 
enhancement of the process 77 vv by strong external magnetic field. For 
the field strength B > this mechanism could dominate other mechanisms 
of the process 77 vv in the neutrino emissivity. However, its contribution 
into the Supernova energetics is rather small. 

This work was supported in part by the Russian Foundation for Basic 
Research under the Grant N 01-02-17334 and by the Ministry of Education 
of Russian Federation under the Grant No. EOO-11.0-5. 
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